ther suggests that individual susceptibility to a T H 1-oraT H 2-dominated response, 21, 22 and in the case of appendicitis, complicated appendicitis has been shown to be associated with a higher subsequent risk of T H 1-dominated Crohn disease 23 and a lower risk of T H 2-dominated ulcerative colitis. 24, 25 Given the evidently strong link between the T H 2 response and IgEmediated (type 1) allergy, one may hypothesize that children with allergy would have a lower risk of complicated disease. However, no study has yet explored the possible connection between common allergy and adverse appendicitis outcome.
To test this hypothesis and to shed new light on risk factors for complicated appendicitis, a cohort of consecutive children who underwent surgery for appendicitis was evaluated for association between allergy and appendicitis severity. The purpose of this study was to investigate whether IgEmediated allergy is associated with a lower adjusted risk of complicated outcome.
Methods

Study Design and Setting
We conducted a retrospective cohort study of all children who underwent surgery for acute appendicitis at the tertiary pediatric surgery center of Skåne University Hospital, Lund, Sweden, from January 1, 2007, through July 31, 2017. The study was approved by the regional ethical review board, which deemed that patient consent was not required.
Inclusion and Exclusion Criteria
All children younger than 15 years (hereinafter referred to as children) with an intraoperative diagnosis of acute appendicitis were eligible for inclusion. Children with negative appendectomy findings after histopathologic analysis were excluded.
Outcomes
Primary outcome was complicated or uncomplicated appendicitis. Appendicitis was characterized as complicated (gangrenous, perforated, or abscess) or uncomplicated (phlegmonous) based on histopathologic and intraoperative findings. Gangrenous appendicitis was defined from the intraoperative findings and from histopathologic analysis as fullthickness necrosis of the appendix wall. Perforated appendicitis was defined as a visual hole in the appendix or gross contamination in the abdomen during appendectomy. Appendectomy was defined according to the Nordic MedicoStatistical Committee procedure codes JEA00, JEA01, and JEA10.
26 Secondary outcomes were length of hospital stay, defined as days at the ward after surgery, and rate of reoperation, defined as any abdominal procedure requiring general anesthesia within 30 days of the appendectomy.
Primary Exposure
Primary exposure was occurrence of any prior IgE-mediated allergy. Information about allergies was collected from multiple sources, including the surgical and anesthesia records and the regionwide medical history files. The admitting surgeon and nurse, the ward nurse, and the anesthesiologist and anesthesia nurse routinely inquired about the presence of allergy. Allergens were reported in detail and categorized as fur or mite allergy, pollen allergy, egg or milk protein allergy, or antibiotic allergy.
Potential Confounders
Potential confounders were age, sex, duration of symptoms, presence of an appendicolith, number of primary care visits within the 12 months before the appendectomy, seasonal antigenic exposure, and ongoing use of allergy medication. Duration of symptoms was measured from reported onset of symptoms to first visit at the pediatric emergency department. Detection of an appendicolith was obtained from preoperative ultrasonographic or computed tomographic study or by the intraoperative findings. Season of appendectomy was categorized according to the following allergy seasons relevant for the region: spring (March-May), summer (JuneAugust), autumn (September-November), and winter (December-February). Ongoing use of allergy medication was defined as use of any medication prescribed for IgE-mediated allergy at the time of appendectomy.
Statistical Analysis
Categorical variables were reported as frequencies and percentages, with differences between groups assessed using the Fisher exact test. Continuous variables were assessed for normal distribution and were presented as medians with an interquartile range (IQR), with differences assessed using the Mann-Whitney test for nonnormal distributed data. Associations of independent variables on the primary outcome were presented as odds ratios (ORs) with 95% CI, using logistic regression. Variables with a significant association with outcome in the unadjusted analysis were included in the multivariable logistic regression model for adjusted ORs of main effects. The final model also remained intact when using backward and forward selection, with significance levels set at (Figure 2) .
Children with allergy were 3 times less likely to have complicated appendicitis on univariate (OR, 0.28; 95% CI, 0.16-0.46; P < .001) (Figure 2 ) and multivariable analysis (adjusted OR, 0.33; 95% CI, 0.18-0.59) (Figure 3) . The approximate E value for unmeasured confounding was 2.9 for the point estimate and 1.9 to 4.1 for the 95% CI. The lower risk remained in the subgroup analysis of fur or mite allergy (adjusted OR, 0.25; 95% CI, 0.07-0.94; P = .04) and pollen allergy (adjusted OR, 0.29; 95% CI, 0.12-0.69; P = .006), but not for egg or milk protein allergy (adjusted OR, 0.61; 95% CI, 0.16-2.33; P = .47) or antibiotic allergy (adjusted OR, 0.60; 95% CI, 0.21-1.71; P = .34). The presence of allergy was associated with shorter hospital stay (median length of stay, 2 days for both groups; IQR, 1-2 vs 1-5 days; P = .004), but there was no difference in the rate of reoperations ( Table 2) .
Sex did not modify the effect of allergy (adjusted OR, 0.89; 95% CI, 0.60-1.33; P = .57) (eFigure 1 in the Supplement). In addition, no effect modification by ongoing allergy medication (Wald test of overall interaction, P = .22) or seasonal antigen exposure (Wald test of overall interaction, P = .83) was noted (eMethods in the Supplement). The number of primary care visits 12 months before appendicitis was not associated with less complicated appendicitis (adjusted OR, 0.98; 95% CI, 0.73-1.31; P = .88) (sensitivity analysis, eFigure 2 in the Supplement). The association between allergy and complicated appendicitis was particularly strong for the subset of patients with histopathologic diagnosis in the sensitivity analysis (univariate OR, 0.19 [95% CI, 0.08-0.43; P < .001]; adjusted OR, 0.23 [95% CI, 0.09-0.56; P = .001]) (eFigures 3A and 4B in the Supplement).
Discussion
This cohort study introduces a strong and previously unknown association between allergy and appendicitis. Children with IgE-mediated allergy had an adjusted risk of developing complicated appendicitis that was 3 times lower than those without IgE-mediated allergy. These findings offer new opportunities to understand the pathogenesis and clinical prediction of adverse appendicitis outcome. 
Eligible for inclusion
Children younger than 15 years undergoing surgery for suspected acute appendicitis were included in the study. 8 have been shown to be associated with complicated pediatric appendicitis, but clinicians often lack reliable signals of severity to determine which children would benefit from urgent surgery or conservative treatment. Based on the strong association between allergy and low risk of complicated appendicitis found in this study, we propose that the presence of allergy should be considered for inclusion in future clinical scoring systems for pediatric appendicitis. Also, if noncomplicated appendicitis is driven by a T H 2-dependent immunologic response, one could hypothesize that this response would result in a possible elevated activity of eosinophils and basophils and perhaps even preventive or therapeutic opportunities.
Limitations
Our findings must be interpreted in the context of a nonrandomized design. Most known risk factors for complicated appendicitis were adjusted for in the multivariable model and, given the strong association between allergy and uncomplicated appendicitis, an unmeasured confounder would need to be associated with allergy and complicated appendicitis by approximately 2.9-fold for the OR (and Multivariable logistic regression was used with adjusted odds ratios (ORs) and 95% CIs (error bars). The approximate E value for unmeasured confounding was 2.9 for the point estimate and 1.9 to 4.1 for the 95% CI.
a Indicates compared with no allergy.
b Includes allergies to allergens with cross-reactivity to pollen. approximately 1.9-fold for the 95% CI) above and beyond the measured variables to explain the observed effect of allergy. Socioeconomic variables were not available, and information about primary care visits were introduced in the countywide electronic medical records only from 2015 onward, corresponding to approximately one-sixth of the patients; however, we believe that the inclusion of self-reported duration of symptoms in the multivariable model compensates well for this limitation, especially for the Swedish health care system, where all patients have the right to seek firstline medical care directly in tertiary care hospitals and where practically no financial barriers to surgical care exist.
In our study, a direct first-line contact with the emergency departments at the hospital was the preferred contact by most families; approximately 5% of our patients with appendicitis were referred from primary care. Also, the occurrence of IgE-mediated allergy was taken from a patient's retrospective history, which is subjective and potentially inaccurate; however, we do not expect this limitation to have biased our results systematically. Another weakness is that all children did not have histopathologically confirmed appendicitis;
however, according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, complicated appendicitis is now a clinical diagnosis not requiring histopathologic confirmation, and when analyzing the subset of patients with a histopathologic diagnosis, the association between allergy and complicated disease became even stronger, despite reduced statistical power. Overall, it should be emphasized that our results hypothesize that allergy in some way influences the severity of appendicitis, and certainly other immunopathologic factors must play a part in pathogenesis. Our findings clearly generate more questions than they resolve, and further studies are warranted.
Conclusions
Among children, IgE-mediated allergy is associated with a reduction in the risk of complicated appendicitis. These findings offer new opportunities to understand the pathogenesis and clinical prediction of pediatric appendicitis. 0.01 1
